HocTpoeHHe nporpaMMHbix ynpaBjieHHH c 

BepOHTHOCTbK) 1 JlJl^ ^^HHaMHHeCKOH CHCTeMbI C 
nyaCCOHOBCKHMH BOSMymeHHHMH 

E. B. Kapa^aHCKasi 

^ ; THxooKeaHCKHH rocyflapcTBeHHbiH yHHBepcHTGT, Pocchs, Xa6apoBCK 

> 
O , 

I AHHOTaU,HH 

Q>^ I B CTaTbe npe^JiaraeTca mbto^ nocTpoeHHH nporpaMMHbix ynpaBjieHHH c BeposTHO- 

CTblO 1 fl^JlH /IHHaMHHeCKOH CHCTeMbI, nO/I,BepjKeHHOH HyaCCOHOBCKHM B03MyiII,eHHHM. 

^ • BBe^GHHe 

> . 

^ ' O^Hoii H3 sa^an ynpaBjieHHH HBjiHexcH opraHH3an;HH ynpaBjienHH flHHaMHHecKoit cncxe- 

Moii xaKHM oGpasoM, hto6l.i npn ee 3Bojiion;HH BaacHtie xapaKxepHCTHKH cHcxeMBi (b tom 
^ HHCJie H 3aBHCHin;He ot nojiojKeHHH cHcxeMbi), coxpaHJUiHCb. B peajibHOM npocxpaHcxBe na 
^ . ;];HHaMHHecKyio CHCxeMy OKasbiBaiox BjiHanne cjiyHafinbie cjDaKxopbi. HanGojiee y^a^HO sxo 
! cjiynaflHoe Bos^eiicxBHe mojkho oriHcaxb c noMombio BHHepoBCKHX h nyaccoHOBCKHX npou;ec- 
^ I COB. B riocjie^Hee BpeMa 6t.ijio npe^jioxceHO necKOjiBKO cnoco6oB nocxpoeHHa ynpaBjieHHH 
cHcxeMoii iipn najiHHHH BnnepoBCKHx npon,eccoB. B ^annoii pa6oxe npe^jiaraexcii Mexo^ 
nocxpoenna nporpaMMnoro ynpaBjienna c Bepoaxnocxtio 1 ^jia cncxeMti, no^BepjKennoH 
BOSMymennjiM b BH^e BnnepoBCKHX n nyacconoBCKHX iipon,eccoB. npe^jroacennBin Mexo^ oc- 
noBan na iionHxnn nepBoro nnxerpajia fljia cncxeMbi cxoxacxnnecKHX flH(|)(|)epenn,HajiBnbix 
ypaBHeHHH c BHnepoBCKHMn n nyacconoBCKHMn B03Mym,eHHaMH [1, 2, 3] n ajiropnxMe no- 
cxpoenna aBXOMopcjDnon (|)ynKn,HH [4]. 



X 



1 CxoxacTHHecKHH nepBbiH HHTerpaji CHCxeMbi CJjy 

Ilycxb X G M", x(t) - cjiynannbix npon;ecc, HBjiaiomnHCJi pemenneM cncxeMbi cxoxacxn- 
necKHX ^H4)4)epenn;Hajibnt.ix ypaBnennfi 



dxi{t) = ai{t; x{t))dt + ^ bikit; x{t))dwk{t) + / gi{t; x(t); 'j)iy{dt; d-f) 

X(t) = x(t,Xo) 



= Xq, i = l,n, t > 0, 

t=o 



r^e w(t)) - m-Mepntiii BnnepoBCKnn npon;ecc, A7) - o^nopo^nasi no t, Hen,eHxpHpoBaH- 
naa Mepa Hyaccona [5]. 3xy cncxeMy Moxcno sanncaxt b BeKxopnoii cJiopMe 

dx(t) = A(t;x(t))rft + 5(t;x(t))rfw(t) + J u{dt;d-f) ■ G{t;:>i{t);-f). 

Ri-y) 



1 



OxHOCHTejibHO K034)4)Hii,HeHTOB ai{t] x), 6jfc(t; x) H gi{t] x; 7) ypaBHeHH3 (1) 6y^eM npe^nojia- 
raxb, HTo OHH Bbi6paHt.i xaKHM o6pa30M, htoGbi 6t.iJiH oGecneneHbi ycjioBHH cymecTBOBaHHH 
H e^HHCTBeHHocTH pemeHHH, KaK H BO Bcex ypaBHeHHHx, paccMaxpHBaeMBix hh^kc. 

B [1] 6b.ijio BBe^eHO noHaxHe nepBoro HHxerpajia ^Jia CHCxeMBi cxoxacxHHecKHX flH(|)(J)e- 
peHn;HajiBHt.ix ypaBHeHHii Hxo (6e3 nyaccoHOBCKoii cocxaBjiaiomeH), b [3] - noHHXHe cxo- 
xacxHHecKoro nepBoro HHxerpajia ^jih cHcxeMbi o6o6in;eHHL.ix cxoxacxHHecKHx ^H(|)(|)epeH- 
i];HajiBHL.ix ypaBHeHHH Hxo c n;eHxpHpoBaHHOH nyaccoHOBCKoii Mepoit. BBe^eM anajiornHHoe 
noHHXHe ^JiH cjiynaH HajiHHHa Hen;eHxpHpoBaHHOH Mepti HyaccoHa. 

Hycxb u{t; x; oj) - cjiynaiiHaH (|)yHKn;Ha:, onpe^ejiennaH na xom ace BepoaxHocxHOM npo- 
cxpaHcxBe, hxo h pemeHHe cHcxeMbi (1). 

Onpe^ejieHHe 1 CAyHauHym (fjyHKV^un) M(t;x;a;) nasoeeM cmoxacmuuecKUM nepeuM uh- 
mespaAOM cucmeMU (1), ecAU c eepofrniHocmtK) 1 

u{t; x(t;x(0));a;) = m(0;x(0)) 

Oasi ak)6oso pemeHUR x(t;x(0);a;) cucmeMU (1). 

Hxo6t.i (|)yHKn;H5i u{t\ x; a;) Gtijia nepBbiM HHxerpajioM CHCxeMti (1), ^ojijkhbi BtmojiHaxb- 
CH ycjioBHH £): 



^ Olid' xi 

1. > hik{t]x) — — = 0, ^JiH Bcex k = l,m (KOMneHcan;HJi BHHepoBCKoro BOSMyme- 
1=1 

HHs); 



5t 

BpeMeHH) 



' ' dxi 



i=i k=i j=i 



fHesaBHCHMOcxt. ox 



3. u(t; x) — M^t; X + G(t; x; 7) j = ^jih jiio6t.ix 7 G -^(7) bo Bcefi o6jiacxH onpe^ejieHHH 
npoij,ecca (KOMneHcaii;Ha nyaccoHOBCKHX CKaHKOB). 

SaMenaHHe 1 B CAynae, Kosda paccMampueaeM KOHKpemHym peaAusayum, m. e. napa- 
Memp OJ e daAhneumeM ne OAUsiem, HecAyuauHym (pyHKyuw u{t; x) mochcho CHumamh de- 
mepMUHupoeaHHUM nepeuM unmespaAOM cmoxacmuHecKou cucmeMU. 

B [3] Gbijio BBe^eHo noHHXHe cxoxacxHHecKoro nepBoro HHxerpajia ^jih n;eHxpHpoBaHHOH 
nyaccoHOBCKoii Mepbi, h nojiyneHHtie ycjiOBHH fljia ero cymecxBOBaHHa ynnxbiBaiox Heo6- 
xo^HMOcxB sa^aHHH njioxHocxH HHxeHCHBHOcxH nyaccoHOBCKoro pacnpe^ejieHHa b oxjikhhc 
ox npe^jiojKeHHoro b ^aHHofi cxaxbe. TaKHM o6pa30M, 6e3pa3JiHHHo, KaKOB BepoaxHocxHbiii 

SaKOH HMeiOX HHXeHCHBHOCXH nyaCCOHOBCKHX CKaHKOB. 

2 HocTpoeHHe cHCxeMbi o6o6iii,eHHbix CJjy c sa^aHHbiM 
nepBbiM HHTerpajiOM 

Onpe^ejiHM bh^ cHcxeMti oGoGmeHHbix cxoxacxHHecKHx ypaBHeHHH Hxo c HanajibHtiMH 
flaHHbiMH, HMeromeii HSBecxHbiH cxoxacxHHecKHH nepBtiii HHxerpaji. 



2 



TeopeMa 1 Uycmb cfjyHKii^u^i u{t, x) - nenpepuena eMecme co ceouMU npouseodnuMU no 
coeoKynHocmu nepeMCHHUx (t,x) u CAyuauHafi cjjyHKyusi ?/(t,x;a;) onpedeAena na moM ofce 
eepofimHocmHOM npocmpaHcmee, huio u pemenue cucmeMU cmoxacmuHecKux ducfjcjjepeHyu- 
aAbHux ypaeneHuu 



d^{t) = A{t; x{t))dt + Bit] :)c{t))dw{t) + j u{dt; d'j) ■ G{t; x(t); 7) 



i?(7) 



(2) 



X(t) = x(t,Xo) 



t=0 



xo, t > 0, 



sde X G M", n > 2; w(t) - m-MepHuu euHepoecKuu npoyecc; z/(t; A7) - odHopodnasi no t, 
Hev^eHmpupoeaHHasi juepa Uyaccona. Ecau u{t, x; u) fieAfiemcfi cmoxacmuuecKUM nepeuM 
unmespaAOM cucmeMU (2), mo Koacpcpuv^ueHmu ypaeneHUH (2) u cjjyHK%UH u{t,x.) cenaaHU 
CAedywui^uMU coomHomeHUfiMu: 

n 

1. K03(p(puV)UeHmu i?fc(t;x) = ^^6jfc(t;x)ej (k = l,m) - cmoA6yu Mampuv^u B{t]x.), 

i=l 

Bk{t;x.) G {goo ■ ^n+i.o}; ^ Munop aAeMenma /in+i,o Mampuyu H{t;x.): 

( 



Co 


ei 


■ ■ (^n 


\ 


du{t\ x) 


du{t; x) 


du{t; x) 




dt 


dxi 


dx^i 












hn+1,0 


hn+l,l 




/ 



(3) 



2. K09(f}(fjuyueHm A{t; x) npuHadAeotcum MHOotcecmey cfiyHKyuu, onpedcAfieMux ycAoeu 

CM 

'dB,{t;^ 



A(t;x) G <(i?(t;x) + i ^ 

fc=i 



(4) 



dBkit;x) 
dx 



- Mampuya HkoBu dAR eeKmopnou (pymyuu Bk{t; x); C(t; x) - aAsed- 



pauHecKoe donoAnenue aAeMenma Cq Mampuyu H{t;x.) u detC(t;x) 7^ 0; Mampuya- 
cmoAdey i?(t;x), KOMnoHenmu Komopou ri{t;x.), i = l,n, onpedeAsiwmcsi CAedymiu,UM 
odpasoM: 

n 

C~^{t] x) ■ det H{t] x) = 6*0 + ri{t] x)ei; 

i=l 

n 

3. K03(f)(f)uyueHm x; 7) = 5'j(t; x; 7)6^ npu nyaccoHoecKou Mepe onpedeAnemcn 



i=l 



npedcmaeACHueM G{t; x; 7) = y{t; x; 7) — x, sde y(t; x; 7) - pemenue cucmeMU du(f)- 
(fjepenyuaAbHux ypaeneHuu 



det 



ei 62 
du{t;y du{t;y{-;-f)) 

dyi dy2 



du{t;y 

dyn 
V3n{t;y{-;j)) 



</'ni(t;y(-;7)) </'n2(t;y(-;7)) ■■■ v'nn(t;y(-;7)) 



(5) 
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ydo6Aem6opfLmui,ee HanaAhHOMy ycAoeum y(t; x; 7) 



X. 



7=0 



OmHocumeAbHO npouseoAtHux (f)yHKUuu hij = hij{t,x.), ipij = y(-; 7)) noAazaeM, umo 

OHU eu6paHU manuM o6pa30M, Hmo6u Kaofcdoe ceMeucmeo (jjyHKUuu liy^jl, onpede- 

AsieMoe ycAoeuHMu: 



dhi{t,x.) 
dxi 



9yj 



cocmaeARAO eMecme c (fjyHKV)Ueu u{t; x) coeoKynHocmb nesaeucuMUX (f)yHKiL,uu. 

JJoKasaTejibCTBO. /JoKasaxejibCTBO coctoht hs 3-x Hacxeit. 

, du(t;x) 

1. BocnojibsyeMca nepBbiM h3 ycjioBHfl £): > bikit] x) — = 0, jj^jisl Bcex k = l,m 



i=l 



EcjiH Bk{t] x) = hik{t] x)ej h VyMit; x) = ~~~pr — ^ ™ ^™ ycjioBHe - ecxb ycjioBHe 

• , • -1 OXi 

1=1 1=1 

opToroHajiBHocTH BeKTopoB Bk{t;x.) H VxM(t;x). OnnpaHCB na onpe^ejieHHe BeKTopnoro 
npoHSBe^eHHs b npocTpancTBe M" h ero cBoiicTBa, nojiynaeM yxBepjK^eHHe ^jih koscJdcJdhi^h- 

eHTOB Bk{t] x) H, COOTBeXCTBeHHO, MaTpHI^bl B{-) = (^Bi{-), . . . , Bm{ 



( 



Bk{t;x) e < 



qoo ■ det 



ei 


■ ■ 


x) 


du{t; x) 


dxi 




fsi 


• ■ fsn 


fnl 


• • fnn 



rjxe 4)yHKn;HH /j = /j(t,x), z = 3,n, xaKne, hto /jj(t,x) = — ^ — BMecxe c 4)yHKn;HeH 



u{t, x) oGpaayioT coBOKynnocTB nesaBHCHMbix (|)yHKn,HH. 
2. BocnojibsyeMca BToptiM h3 ycjioBHii £): 



(9M(t; x) du{t; x) 

dxj 



dt 



i=l 



k=l j=l 



dxj 



riycTb 



n m. n 



Qit; X) = 1 + 5: a.(t; X) - 1 X: X: X: b.'^it; x) 



dxj 



i=l i=l k=l j=l 

Cjiepyn cxeMe, HSJioaceHHOH b pa6oTe [2], bbc^cm b paccMoxpeHHe BCKTopbi: o6o6iii;eHHbiH 
rpa;i,HeHT 



nu{t; x) 



du{t; x) 
dt 



eo 



1=1 



du{t; x) 
dxi 



H 



^(t;x) = 6*0 + ^ai(t;x)e; " ^ XI XI X] bj k{t;x) ^^'t^^'^^ e^,. 



i=l 



i=l k=l j=l 



dXj 
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YKasaHHoe ycjioBHe osHaHaex, mo BeKTopt-i □^(t; x) h ^(t;x) opToroHajibHL.i. Bocriojibso- 
BaBniHCb cHOBa onpe^ejieHHeM BeKTopnoro iipoHSBefleHHH h ero cBoflcxBa, nojiynaeM (|)op- 

Myjiy (3): ^(t;x) G {det i7} , r^e 4)yHKn;HH hi = fi(t,x.), i = 3,n + l, xaKHe, hto 
dhi{t, x) 

(|)yHKii;HH. Bes orpaHHHeHHa o6iii,hocth, Gy^eM cHHTaxb, hto hij{t,x.) = fij{t,:x..) BBe^eM 

BCKTOp 



hij{t,:xi) = — ^ — BMecxe c 4)yHKii;HeH n(t,x) oGpasyioT coBOKynnocTb nesaBHCHMbix 



n ^ n m n db (t' x) 

A{t; x) = eo + ^ai{t; x)ei = Q{t;x) + T^^^Yl — ei 



2 A^A^A^ -^-^-"^ 

1=1 i=l k=l j=l 

H, B CHjiy Toro, HTO K034)4)Hii;HeHT npH Co ;];oji>KeH 6t.iTb paBeH 1, nojiynaeM: 

A (t ; x) G it- x).det H{t-x) + -Y,Y.Yl ^ ^) ' 

I, i=i fc=i j=i ■5' 

r;];e C(t;x) - ajireGpaHHecKoe ;];onojiHeHHe sjieMenxa Co MaTpHii;bi H{t]x.), detC(t;x) ^ 0. 

HoCKOJIBKy BCKTOp C~^{t] x) ■ dct H{t] x) MOJKHO SaHHCaTB B BH^e: 



C-\t; x) -detH = eo + Y^ ri{t; x)e; 



TO BBe^eM MaTpHij,y-CTOJi6eij, R{t;x.) c KOMnoHeHxaMH rj(t;x), i = l,n. 

OnpeflejieHHe npoHSBefleHHH MaxpHu, b ^aHHOM cjiynae ^onycKaex npe^cxaBjieHHe: 



n m n 



dhikit] X 

i=i k=i j=i 

dBk{t;x 



i=l k=l j=l ^ k=l L 



dBk{t-x) 



Bk{t;x) 



ax 

onpe;];eji5iexc5i cyMMofi Maxpnn; (4) 



MaxpHn;a Hko6h ^jia BexxopHofi 4)yHKn;HH Bk{t; x). Cjie^oBaxejitHO, A{t; x) 



x) G i x) + - 5^ 5^ 



2 

fc=i fc=i 



(9x 



Bk{t;x) 



3. Hcxofla H3 xpextero ycjiOBHa b £), ^jih jiio6l.ix 7 G -^(7) ^ojijkho BbinojiHaxbca 
ycjioBHe: 

u(t] x; cu) — tt^t; X + ^(t; x; 7); u?j = 0. 

3to osHanaex, hxo 4)yHKLi,H5i x; u) aBjiHexcH aBXOMop(|)Hoii npn npeo6pa30BaHHH ee ap- 
ryMenxa x c noMombio (|)yHKn;HH G{t; x; 7). Onpe^ejiHM ycjioBHH, najiaraeMbie na 3xy (|)yHK- 
n;HK). Cjiepys [3], nojiojKHM: y(t; x; 7) = x + ^(t; x; 7). /I,Ji5i yiipomeHHa: sanncH 6y^eM oriyc- 

KaxB napaMexp oj. Tor^a u{t; x) = ult; y{t; x; 7) J jiio6t.ix 7 G R{'y) hjih — — — = h 



du(^t-y{t;x-^)^ _^du(t-y{t;x;-f)^ Qy^l^^.^.^^ 

57 ~ ~t ^Vi ^7 
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" 5M(i;y(-;7)) ^ dy(-,-f) 

riocjie^Hee paBCHCTBo osHanaeT, HTo BeKTopL.1 Vytif t; y(-; 7) ] = 2, ~ ^ ;^ - ' 



i=l 



A %(-;7) ^ 

> — Cj opToroHajibHL.1, H cjie^oBaxejibHO, CBHsanbi cooxHomeHHeM: 

c/7 



^y(-;7) 

97 



e < 



det 



ei 

5w(i;y(-;7) 
dyi 



9M(^t;y(-;7) 
dyn 



(6) 



rfle (J)yHKii;HH (pi{t]y),i = 3, n, xaKHe hto cpij = ' , cocxaBjiHiox c 4)yHKi];HeH ?x ft; y(-; 7) 

CHCxeMy HesaBHCHMbix (|)yHKij;Hii. HocKOjiBKy y(t; x; 7) = x + x; 7), xo (6) mojkho pac- 
CMaxpHBaxt. KaK CHCxeMy ^H(|)(|)epeHn;HajiBHL.ix ypaBHeHHii, b Koxopoii HenaBecxHoii SBjia- 
exca 4)yHKn;Ha y(-;7)- PasjioacHM onpe^ejinxejib (6) no nepBofi cxpoKe. Cjie^oBaxejibHO, 

<9y(-;7) 



a 



S'j(y(-; 7)) Cj, r^e a - npoHSBOjibnaa (|)yHKii,Ha, ne saBHcamaa ox y. TaKHM 



o6pa30M, nojiynaeM cncxeMy flH(|)(|)epeHii;HajiBHL.ix ypaBnenHH 



dyn{-]l) 
^7 



a'5i(y(-;7)), 



Hycxb y(t; x; 7; ^) - pemeHHe sxofi CHCxeMbi, r^e 6 - BeKxop nocxosHHbix, noaBHBniHxcs npn 
ee HHxerpi-ipoBaHHH. HocKOjibKy ycjioBHe (??) ^ojijkho BBinojinaxBCH fljia: jiio6t.ix t, x h 7, 
xo 

M(t;x) = M(^t;y(t;x;7i;6')j = x + x; 71; 6*) j = x + ^(t; x; 72; 61) j , 

B HacxHOM cjiynae, npn neKoxopoM SHanenHH 7 = 7o riocjieflnee paBencxBO 6yflex onpe^e- 
ji3XbC3 ycjioBHCM G{t] x; 7o; 6) = 0. Bes orpaHHHeHHH o6iri;HocxH (npn oxcyxcxBHH CKaHKa), 
nojioJKHM: 

G{t;^;^o;0) = G{t; x; 0) = 0. 

Cjie;];oBaxejibHO, 4)yHKii;HH G{t] x; 7), o6ecneHHBaK)in;aH aBXOMop4)H3M 4)yHKii;HH u{t] x) onpe- 
^ejiaexca npe^cxaBjieHHCM x; 7) = y(t; x; 7) — x, r^e y{t; x; 7) - pemeHHe CHCxeMbi ;i,h4)- 



(|)epeHn;HajibHt>ix ypaBHeHHii (5) npn nanajiBHOM ycjioBHH y(t; x; 7) 
Hocjie^Hee yxBep^Kflenne xeopeMbi ^oKaaano. 



7=0 



X. TaKHM o6pa30M, 



3 IlocTpoeHHe nporpaMMHbix ynpaBjieHHH 

OneHb Hacxo BOSHHKaex sa^^ann ynpaBjieHHa ;];HHaMHHecKOH CHCxeMofi, b Koxopoii co- 
xpaHHioxca sa^^annbie 4)yHKH,HOHajibi [6], npHHeM Bjinanne cjiyHaflHbix B03Myin,eHHH, flett- 
cxByiomHx Ha jxaHHyBj cHcxeMy, ^ojijkho Gbixb cBe^eno k MHHHMyMy. HoHsixHe cxoxacxH- 
HecKoro HepBoro HHxerpajia CHCxeMbi cxoxacxHHecKHX ^H(|)(|)epeHH;HajibHL.ix ypaBnenHH c 
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BHHepoBCKHMH H nyaccoHOBCKHMH B03Myiu;eHHiiMH no3BOji3eT CTpoHTB TaKHe ynpaBjieHHa c 

BepOHTHOCTBK) 1, TO eCTB nOJlHOCTBIO HCKJIIOHaH BJIHSHHe flaHHBIX CJiyHaHHBIX B03Myiri;eHHii. 

Ho anajiorHH c [7] BBepfiM cjie;];yioiri;ee onpe;];ejieHHe. 
Onpe^ejieHHe 2 UpospaMMHUM deucHcenueM cmoxacmuHecKou cucmeMU 



c?x(t) = ^P(t;x(t))+g(t;x(t))-s(t;x(t))Jdf+S(f;x(f))rfw(t)+ J G{t;^{t);-f)i^{dt; dj), (7) 

i?(7) 

sde w(t) - m-MepHuu eunepoecKuu npov^ecc; p{t\ A7) - Hev^eHmpupoeaHHasi nyaccoHoecnafi 
Mepa, 6ydeM Hasueamb peiuenue x(t; Xq, s; w), no360Afimm,ee c eepofrniHocmbm 1 npu hcko- 
mopoM ynpaeAenuu (npospaMMHOM ynpaejienuu) s(t; x) d/in ecex t ocmaeamhcsi na necAy- 

HauHOM UHmezpaAhHOM MHOzoo6pa3uu u(^t;x(t;Xo)^ = u(0;Xo), si6Asimm,UMCsi nepeuM uh- 

meepaAOM ypaenenusi (7) npu sadannux nauaAhHux ycAoeufix 



x(t; Xo 



TaKHM oGpasoM, mojkho nocxpoHTt nporpaMMHoe ynpaBjienne c BepoHTHOCTtio 1 
flHHaMHHecKoii cHcxeMBi, iioflBepjKeHHOH cjiynaiiHOMy Boa^eHCTBHio BHHepoBCKHx h nyacco- 
HOBCKHX ripon;eccoB. 

TeopeMa 2 UpoepaMMHoe ynpaeAenue, no360Afimm,ee c eepofrniHocrnhm 1 dunaMUHecKou 
cucmeMe (7) npu huauhuu eunepoecKux u nyacconoecKux eosMyui^eHuu ocmaeamtcfi na 

unmezpaAbHOM MHOzoo6pa3UU m( t; x(t; Xq); a; ) = n(0;Xo), neAHemcH pemenueM cucmeMU, 



cocmosiuj,eu ux ypaeneHuu (7) u (2), e Komopou KoacfxjjuutieHmu emopozo ypaencHUH u co- 
omeemcmeywinue KoacpcpuyueHmu nepeoso onpedcAfimmcfi e coomeemcmeuu c TeopcMou 1. 
Upu 3moM onpedeAfimmcfi maKOfce peanyuu na CAyuauHue eosMyui^eHUH, oBecnenueawu^ue 
amo npoepaMMHoe ynpaeAenue. 

PaccMoxpHM Ha npHMepe. 

IIpHMep 1 Haumu ynpaeAenusi u peanyuu na CAyuaunue eosMyui^enusi, Hmo6u dunaMuue- 
CKafi cucmeMa 



dxi{t) 

dt " 
dxi{t) 

dt 



(xi{t) + X2{t) + e-^ + Si{t;x.))dt + bi{t;:K.)dw{t)+ / gi{t;x;-f)iy{dt; d-/) 
^(xi(t)x2(t) + e~'^'' + S2(t;x)]dt + b2{t;x.)dw{t)+ / g2(t;yi;'y)h'{dt;d'y), 



nodeepcHcennaji eosdeucmeuw eunepoecKoso npou^ecca u coeepiuawui^asi cnauKU no deucmeu- 
eM nyaccoHoecKoeo npoyecca, c eepostmnocmhw 1 coeepmaAa deuotcenue no noeepxnocmu 
u{t] x) = 2:26"^^^ 

PemeHHe. CnaHajia nocxpoHM CHCxeiviy cxoxacxH^ecKHX ;];H4)(|)epeHn;HajibHL.ix ypaBHe- 
HHH, KoxopoH (jDyHKi^HH u{t\ x) = ^26"^^^ 3Bjiaexca ^exepMHHHpoBaHHbiM nepBBIM HH- 
xerpajioM. B cooxBexcxBHH c yxBep>K;];eHHeM 2 xeopeMti 1 onpe^ejiHM (|)yHKn,Hio, oGecneHH- 
Baiomyio aBXOMop4)H3M 4)yHKLi;HH x) = X2e~^^i. Tor^a 

^^(y^^) = -2^26-2^1 , ^""^^'^^ = e~^y^ 

dyi ' dy2 
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HJIH 



dy{t; x; 7) 



I ayi(t;x; 7) 
V 57 / 



-2yi 



PemeHHe sxofi CHCxeMbi c ynexoM HanajibHtix ^aHHbix: 



(t; x; 7) = 2 In (27 + e'"^ ) , 2/2 (t ; x; 7) = 2x276"'"^ + X2 . 
Cjie;];oBaTejibHO, npeo6pa30BaHHe = (g'i(-), g'2('))*5 oGecneHHBaiomee 4)yHKU,HH u(t;x) = 

0:26"^^^ aBTOMOp4)H3M, HMeeX 4)yHKIJ,HH-KOOpflHHaTt>i: 

g^{t- x; 7) = ^ In (27 + e^"^) - Xi, ^2(t; x; 7) = 2x276-'"^ 

Tenept., b cooTBexcTBHH c xeopeMofi 1, cxpoHM Maxpni^y B (b ^annoM cjiynae - BeKTop- 
CTOji6eii;, nocKOjiBKy w(t) - o;],HOMepHBiH BHHepoBCKHil npoij;ecc): 



i?(t;x) = goo (e"2-i, 2x26-2^0' 



r;];egoo = goo(^;x), 













= goo ( 



-2e~2^i 

^^2 



2x1 0^-2x1 ) 1 



4x26""^^! 2e 



dB{t;x) 



B{t; x) = 







OnnpaacB na (|)opMyjiy (4) cxpoHM MaxpHi^y H{t; x) h BbiHHCjiseM ee onpeflejiHTejib 

(eb ei 62 

-2x26-2^1 
/l /2 /s 

= eo (-2/3X26-2^^ - /2e"2^^) + ei(/ie-2^^) + el (2/1X26-^^^ 

r^e fi = /j(t;x), i = 1,2,3. B Hxore (h3 (4), K03(|)(|)Hn;HeHTbi BCKTopa A = A{t;x.) HMeioT 
BH^: 



/l , 2fl2 -4X1 



/2 + 2/3X2 

2/1X2 



02 



/2 + 2/3X2' 

H HCKOMaH CHCTeMa CTOxacTHHecKHX ^HcjDcjDepeHi^HajibHbix ypaBHeHHH TaKOBa: 



dxi{t) 



fi 



dt+ 



_ /2 + 2/3X2 

+qoQe-^^'dw{t) + I {\\n (27 + e^"^) - Xi) ^7) 

2/1X2 



dX2{t) 



dt- 



/2 + 2/3X2, 

+goo2x2e-2-i)dt/;(t) + / {2x2je-^'')i^{dt- dj) 

jRh) 
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HcKOMoe ynpaBjieHHe - pemeHHe cHCTeMbi jiHHefiHbix ypaBHeHHfi (xeopeMa 2): 

xi{t) + X2it) + e-* + Slit; x) = - „ J' + 2ql^e-^^\ 
xi{t)x2it) + e~^' + S2{t;x)-- '^^^^'^ 



Hjih 



/2 + 2/3X2 



s,{t; x) = - „ + 2gooe"'"^ - Xi(t) - X2it) - e 

h + ^73X2 

S2(t;x) = -— — — xi[t)x2[t)-e , 

/2 + 2/3X2 

r^e /« = fi{t]^), i = 1,2,3, goo = ?oo(^ix). PeaKu,H3 na BosMymeHHe, BbisBaHHoe BHHepoB- 
CKHM npon;eccoM, onpe^ejiaexca MaTpHii;eH-CTOJi6ii;oM c sjieMenxaMH 

bi{t; x) = qooe-^''\ 62 (t; x) = goo2x2e-2^i). 

3jieMeHTbi fl^jis KOMneHcaxopa nyaccoHOBCKHX cxaHKOB onpe;i;eji5iioTCH cjie;];yioiri;HM oGpaaoM: 

(7i(t;x;7) = i In (27 + e^^'^) -Xi, 
^2(t;x; 7) = 2x276"^''' • 

BbiGop (|)yHKn;HH /j(t;x), i = 1,2,3 h goo(^;x;) riosBOjiHex cxpoHTB ynpaBjieHHe, onn- 
paHCB Ha KaKHe-jiH6o ycjioBHH, naiipHiviep, y^o6cTBOM ^jih Mo^ejiHpoBaHHH h peajiH3aiJ,HH 
ynpaBjieHHJi. 

SaMenaHHe 2 OuiMemuM, umo mochcho cmpoumb npospaMMHoe ynpaeAenufi no mho20o6- 
pasum, onpedeAfieMOMy necKOAhKUMU (fjyHKii,usiMU [6]. 



BblBO^bl 

HpHMeHeHHe TeopHH cToxacxHHecKoro nepBoro HHTerpajia nosBOJiaex cTponxb c BepoHx- 
HOCTBK) 1 nporpaMMHbie ynpaBjienna ^HHaMHHecKott cHcxeMbi npH HajiHHHH cjiyHaflHtix 
BOSMymeHHH, Bbi3BaHHbix BHHepoBCKHMH [7] H nyaccoHOBCKHMH ripoij,eccaMH. 

Aemop BAasodapen npocf). B.A./(y6K0 sa enuManue k dauHou pa6ome. 
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